Background: On 22 February 2011 an earthquake (magnitude 6.3) hit Christchurch, New Zealand. Earthquakes have been associated with increased risks of preterm birth (PTB) and other adverse pregnancy outcomes. However, the literature on this subject is scarce. Maternal antenatal stress has been suggested as the link between earthquakes and PTB. In this study the Christchurch earthquake was utilised as a model of maternal stress to assess its effects on PTB rates and other pregnancy outcomes.
INTRODUCTION
Women exposed to disasters during pregnancy are vulnerable to specific health consequences. 1 Exposure to environmental hazards and poor sanitation, reduced access to health care, an increase in maladaptive health behaviours and psychosocial stress can occur in the aftermath. 2, 3 The impact of disaster-related stress on maternal and reproductive health has been demonstrated in a number of studies. [4] [5] [6] Prenatal stress is a widely recognised risk factor for preterm birth and low birth weight, [7] [8] [9] [10] [11] two of the most important predictors of neonatal morbidity and mortality. [12] [13] [14] The mechanism through which stress is thought to cause preterm birth is multifactorial, involving complex physiological and neuroendocrine pathways. 15 The standard human physiological response to stress is the release of corticotrophin releasing hormone (CRH) from the hypothalamus which in turn stimulates release of adrenocorticotrophic hormone (ACTH) from the pituitary gland. ACTH subsequently causes release of cortisol from the adrenal glands.
Cortisol inhibits further CRH and ACTH release through a negative feedback loop. 16 Corticotrophin releasing hormone has been detected in most female reproductive tissues including the uterus and ovary. 17 In human pregnancy, CRH is also produced by the placenta and fetal membranes 18 and has been shown to stimulate local prostaglandin production. 19 Prostaglandins play a major role in the induction of human parturition, contributing to cervical ripening, rupture of membranes and improved contractility of the myometrium. 20 Stimulation of placental CRH release through an increase in circulating cortisol levels could therefore result in premature activation of the labour process and preterm birth.
While animal studies allow for precise timing and random allocation of a stressor, there are ethical challenges involved in exposing pregnant women to varying levels of extraneous stress.
However, opportunistically studying women who experience natural disasters during pregnancy allows for a randomly selected group to be compared with an appropriate control and for the timing of the stressor to be definitively identified.
A small number of studies have been published describing specific birth outcomes following maternal exposure to earthquakes. [21] [22] [23] [24] [25] [26] The findings of these studies largely describe a negative effect on gestation either through an overall reduction in gestational length 22, 23 or an increase in preterm delivery, [23] [24] [25] although some studies have found no association.
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The effect seems to be gestation-specific, in that the timing of exposure to the earthquake during fetal development holds significance. In this study we utilise the Christchurch earthquake as an exogenous source of maternal stress. A previous study conducted by the same department reported on birth rates in the immediate four-week period following the earthquake and found that there was no difference when compared to previous years.
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We explore further the idea that the timing of an acute stressor early in pregnancy plays an important role in birth outcomes, by examining only those women who were in the first trimester of pregnancy at the time of the earthquake. We compare the birth outcomes of these women to another group of women who were in the first trimester of pregnancy on the same date two years earlier.
MATERIALS AND METHODS

Study design
This study was designed as a retrospective cohort. All data and information collected were observational. An ethics application was sent to the New Zealand Upper South B Regional Ethics
Committee. The committee deemed that no ethics committee review was required for this study, referring to the Ethical Guidelines for Observational Studies (ethics reference URB/11/EXP/048).
Study participants
Women who were in the first trimester (defined as <12 com- We excluded pregnancies with loss (elective or spontaneous) before 20 completed weeks as women do not book to deliver until after 18-20 weeks gestation so this information was not available.
Stillbirths were excluded from final analysis as were those with missing data on pregnancy outcome.
Identification of eligible women
Participants were identified by means of the maternity booking system held at CWH (Figure 1 ).
With an average local birth rate of 5000 per year, approximately 1200 women would be expected to be in the first trimester of pregnancy on the dates described above. The five year local average for preterm delivery is 8.83%. With power of 80% and α = 0.05, the detectable alternatives in the population are 5.85% or less, or 12.35% or more.
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Data collection
All data were retrospectively collected. Patient National Health Index (NHI) numbers were entered into an electronic coding system. Each NHI was also searched individually in two clinical databases (Concerto Clinical Information System and Jade CareSys) which serve as electronic medical records and the information was cross-checked.
The primary outcome studied was preterm birth (PTB), defined as birth occurring before 37 completed weeks of gesta- 
Statistical analysis
Statistical analysis was performed with the aid of a Canterbury District Health Board biostatistician using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
F I G U R E 1
Identification of study participants. The data for the two cohorts are presented as number and percentage for the categorical variables and as mean and standard deviation for the continuous variables. A twosided P-value <0.05 was considered to show statistically significant differences.
Chi-square test and Fisher's exact test were used to compare differences in categorical variables. Wilcoxon rank sum test was used to assess differences between continuous variables.
A multivariate analysis was done to determine if there were any variables associated with altered risk of PTB and to examine differences in the composition of both cohorts. A logistic regression model was fitted using PTB (yes/no) as outcome and all significant variables and earthquake exposure as predictors. The backward elimination process was used for predictor elimination using a P ≥ 0.05 criterion for exclusion.
RESULTS
Maternal characteristics were similar between the two groups.
There were no differences in risk factors for PTB (Table 1) . Table 2 describes the pregnancy outcomes for both groups. The rate of preterm birth for women exposed to the earthquake was 6.71% compared to 7.81% for those in the pre-earthquake group with a risk ratio of 0.85 (95% CI: 0.61-1.18). The mean gestational age at delivery was 39.3 weeks for the 2011 post-earthquake group versus 39.2 weeks in the 2009 pre-earthquake group. The overall rate of preterm birth in both groups is likely to be less than previous years, as our study excluded multiple gestations which are more likely to deliver preterm. We conducted a multivariate analysis and fitted a logistic model to examine the risk differences between the 2009 and 2011 cohorts.
TABLE 2 Pregnancy outcomes
Previous preterm birth was the only predictor to have a significant impact on potential higher risk of preterm birth. There was no influence of earthquake exposure (year) on the risk of preterm delivery once other differences were accounted for using the logistic model (Tables 3 and 4) .
DISCUSSION
Our results indicate that there was no significant difference in the rate of preterm birth or the majority of other birth outcomes for pregnant women in their first trimester on the day of the 22
February Christchurch earthquake who birthed in a Canterbury DHB care facility compared to the control group. Interestingly, a higher proportion of women were diagnosed with GDM (4.06% vs 1.84%) despite no change in diagnostic criteria in New Zealand (cf. Australia). We performed a subgroup analysis using a logistic model to see whether the increased risk of GDM in the postearthquake group could be explained by differences in BMI or age or whether it was in fact due to earthquake exposure. When all variables were included in the model, a BMI greater than 25 (considered high risk for GDM) was the only factor associated with a higher risk of GDM (year × risk BMI P = 0.6294, year × risk age P = 0.4582, risk BMI × risk age P = 0.3854, risk age P = 0.2528, year P = 0.1496). Earthquake exposure (year) was not a significant explanatory variable for the difference in GDM rates (Tables 5 and 6 ). 
Possible mechanisms
Media reporting of major natural disasters can create the impression that an earthquake is an isolated event, or a single acute episode of stress. In fact, the large number of aftershocks that follow over many months serve as recurrent acute stressors. This imposes an additional and very substantial chronic stress on the population as well. During pregnancy, cortisol stimulates placental CRH release. This is in contrast to the normal negative feedback loop involving CRH described in the introduction above. [33] [34] [35] Placental CRH is known to play an important role in the maturation of the fetus and the initiation of labour 36, 37 with levels rising significantly at term. 38 Maternal plasma CRH concentrations have also been found to be significantly elevated in women who deliver preterm. 39 It is postulated that CRH relates to a 'placental clock' which is active from an early stage in human pregnancy and determines the length of gestation and the timing of parturition. 40 Premature activation of the maternal-fetal hypothalamic-pituitary-adrenal axis as a result of stress could therefore lead to preterm labour and birth. 41 These considerations challenge the usefulness of studying the effects of exposure during a particular trimester. However, this does not negate the usefulness of determining whether exposure to a major disaster has an impact on pregnancy and birth outcomes.
The majority of similar studies have tended to show differences in outcomes following exposure to an earthquake.
However, it is important to note that drawing comparisons between this study and other studies is complicated by differences in definition of exposure, trimester of pregnancy being studied, sample size, study design, definitions of pregnancy outcomes and study setting.
The only other study to show no difference in outcomes was a retrospective analysis of pregnancies and birth outcomes following the Fukishima earthquake in Japan. This showed no difference in the incidences of preterm birth, low birth weight and congenital anomalies when compared to previous years. 26 Although data from over 8000 births were reviewed, this was collected via a self-reported survey with 58.2% response rate, which may have affected the findings.
We identified four other recent published reports which found either an increase in PTB rates [23] [24] [25] or reductions in gestational length. 22, 23 A small study (n = 40) by Glynn et al. was the first to suggest that the timing of a stressor may hold significance. 22 In their study, participants rated the 1994 Northridge California earthquake most stressful if it occurred in the first trimester. They found a small reduction in gestational length that was more pronounced for those exposed to the earth- third months of pregnancy was associated with a significant decline in gestational age and a 3.4% increase in PTB. 23 These effects were much greater in female offspring than males, raising the possibility that stress exposure in early pregnancy may contribute to a decline in the ratio of male-to-female live births by adversely affecting the viability of male fetuses. There was no difference in the birth sex ratio in our study or the Japanese study. Oyarzo et al. analysed deliveries following the 2010
Chilean earthquake and classified them according to the timing of exposure. 25 They found that women who were pregnant in the first trimester were more likely to be diagnosed with PTB when compared to women who experienced the earthquake in their third trimester. They also found a small reduction in birthweight and an increase in intrauterine growth restriction.
Tan et al. did not specifically look at gestation at exposure. They reviewed over 6000 birth records following a major earthquake in Wenchuan, China in 2008 and found an increase in the rate of PTB, a lower mean birthweight and an increase in birth defects when compared to a pre-earthquake cohort. 24 The finding of a difference in birth defects lends support to the theory that the timing of exposure to a major stressor is significant and may influence developmental processes early on in gestation.
Study limitations
It must be acknowledged that there are some major limitations of our study. The most significant is the loss to follow up. The city and prior to booking and so were not captured in the data set ( Figure 1 ). Our retrospective study design is a major limitation in this respect with potential for selection bias.
It was not possible to collect data on pregnancies that were exposed to the earthquake but delivered at another location. It is conceivable that those who experienced the earthquake as more stressful were more likely to move from the city or be dis- We analysed a large population set of data without selectivity and used an external source of stress to study its effects.
Taken together with a previous study carried out by our department, 31 our null finding can reassure women living in the Canterbury region that there is no evidence that the earthquake had any adverse effect on birth outcomes. However, it is still important for healthcare providers to be aware of the potential for an effect on maternal and reproductive health (as evidenced in other studies) and to consider this in the event of another disaster. 
